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* Need/motivation for this review

* Current status

* Current FE schedule and major milestones
* Main interface points

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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* Review the status of the MEBT beam
diagnostics package
« Scope and technical design
* Project needs
* Project interface points

* Define schedule, deliverables, interface
noints and responsibilities

* Requirement by SNS project office

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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Scope of MEBT D agnostics é

* 7/ Beam Position Monitors
« Position and phase reference

e 2 Beam Current Monitors
« Rise/fall time and total charge

* 5 Profile monitors
* Emittance Measurement Device

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program

A. Ratti: MEBT Dia Rev. 001012
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* Level of completion

« In final stage:
- BPM
- BCM

« At a conceptual level:
- Profile monitors

- At feasibility stage:
- Emittance scanners

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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St at us of hardwar e ZSNS

* Have BCMSs
« Some measurements available

* Have BPMSs
« Some measurements available

* Need electronics for BCMs and BPMs

°* Emittance scanner:
« Mechanical feasibility study underway

- Have conceptual design 64 channel pick-up
electronics

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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BERKELEY LAB

Integrated Testing Schedule,

Sept 2000 Plan:
35mA Source/LEBT to B71->

65mA Source/LEBT->
RFQ Alpha Mod ->
2nd Module ->

3rd Module ->

4th Module ->

MEBT ->

Berkeley Lab

planning studies
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Au Se
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Working draft; for LBNL internal discussion and planning only.
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lon Beam Technology Program
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/\ 9" FE Schedul e - Interface Points é

e Jul 1, 2001 - Start rafts assembly

 Need ALL Vacuum components and NO external
hardware

« Start bench test of components

 Jul 1, 2001 - Begin runs with 2+ RFQ modules

« Can do beam tests of diagnostics
- BPM, BCM, Wire Scanner

°* Dec 1, 2001 - Install MEBT In the beamline
* Jan - Mar, 2002 - MEBT commissioning at LBL

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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e At LBNL
« BCM Mechanical
« BPM Mechanical

* Collaborating labs
« Profile Monitors (BNL)

- Electronics
- BPM needed by Jul 01 (LANL/LBNL)
- BCM needed by Jul 01 (BNL)

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program

A. Ratti: MEBT Dia Rev. 001012 9
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I nterfaces ZSNS

* LBNL defines mechanical envelope

* I.e. Profile Monitors
* Collaborating labs define/provide signals
* EPICS prepared to accept/process signals
* Provision for interface with RTDL at ORNL
* Other ORNL interface points

« PPS, TPS systems

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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SPA[LATION NEUTRUN SOURCE

FES Commissioning

John Staples, LBNL

12 October 2000

a
Berkeley Lab +  Accelerator and Fusion Research Division ¢ lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




SPALLATION NEUTRON SOURCE
L R \\

e FES Tuning

Beam Parameter Range
Diagnostic Plate
Warmup

raining and Safety
|ssues beyond FES

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




FES Tuning

s

SPALLATION NEUTRON SOURCE
L R

e Knobs. b
11 quad (central 6 quadsin 3 families

8 rebuncher (4 amplitude, 4 phase)
12 steering (6 X, 6y steerers)
Chopper target position

® Diagnostics

5 X, 5y profile (wires, non-intercepting later)
6 X, 6y centroid from 6 BPMs

6 phase monitors from same 6 BPMs

2 toroids

Emittance device (very low power)

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




MEBT Layout
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SPALLATION NEUTRON SOURCE
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MEBT Beam Envelope

R 741

SPALLATION NEUTRON SOURCE
L R
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MEBT Diagnostics
AN

SPA[LATION NEUTRON SOURCE
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FES Tuning 2

s

SPALLATION NEUTRON SOURCE
</U \\

e Diagnostics give slightly overdetermined set

o RFQ characteristics assumed known
e fairly independent of ion source emittance

® Redundancy:
e (Quads: mag measurements + beam-based
e (Cavities: r.f. probesand TOF

e MEBT chopper power supply:

® runatlow ord.c.tosetM;=M,z=0

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




Beam Parameter Range
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SPALLATION NEUTRON SOURCE
</U \\

e Full 2 MW operation

e Enhanced, for 2-ring operation
e implications of supercycle interaction

® Reduced Specs

single-turn for ring studies

low current

full current, low duty-factor

other special tuning/operation modes

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




Rebuncher Cavity Tuning
- ZSNS

SPALLATION NEUTRON SOURCE
</U \\

4 Cavities, tune amplitude and phase of each
Use TOF technique with BPMs
Observe 805 MHz beam component

Beam debunches fast: make sure that
enough survives to do a TOF measurement

® Turn on rebuncher in sequence
® No pulse shape monitorsin MEBT

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program

J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000



No rebunchers on
25NS

SPA[LATION NEUTRON SOURCE

GN SNS 1-Tank DTL, r-bore=1.25cm, Ep=1.3Ek, -45deg, 2MW pic= -48
x (cm) vs. cell no.
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Rebuncher 1 on

GN SNS 1-Tank DTL, r-bore=1.25cm, Ep=1.3Ek, -45deg, 2MW pic= -48
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Rebunchers 1,2 on
AN
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Rebunchers 1, 2, 3on
AN
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All Rebuncherson
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RM S Phase Spread

RM S Phase Spread vs. Element Number
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RMS Energy Spread
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SPALLATION NEUTRON SOURCE
RM S Energy Spread vs. Element Number T N
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402,805 Har monic Content

N 741

SPALLATION NEUTRON SOURCE
402, 805 har monic contents, buncherson, off
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402, 805 Har monic Content

N 741

402, 805 MHz content with 1, 2 buncherson IR
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Profile Monitors

- s

SPALLATION NEUTRON SOURCE
L R

i

® Measurex,y profile at 5 locations
Needed to tune quads
Non-intercepting desired

Will use wiresinitially

Power density significant
e upto 500 kW/cm?
e independent of pulse length

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




Beam Power Density
AN

SPA[LATION NEUTRON SOURCE
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Beam Size, Continued
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SPA[LATION NEUTRON SOURCE
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Power Density
- = ZSNS

SPALLATION NEUTRON SOURCE
</U \\

e Power density typically 500 kW/cm?

e Will restrict pulse length to afew
microseconds

® No tuning beam stop possible in MEBT
e MEBT chopper protection will be critical

Berkeley Lab Accelerator and Fusion Research Division
J. Saples SNS Commissioning Workshop

lon Beam Technology Program
LBNL 6 Oct 2000



Profile Diagnostic
- ZSNS

I ™

e Need rapid feedback to operator

® Need ability to do multi-dimensional
display of beam size vs. multiple quad tunes

e Second moment problem: some embedded
software may help sort it all out

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program
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Beam Steering
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SPALLATION NEUTRON SOURCE
</U \\

® First run-thru: center in BPMs
® Check: check for quad steering

® resolve differences

e Emittance growth reduced when steering
Invoked

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




Emittance Device

- s

SPA[LATION NEUTRON SOURCE

e Jlit, followed by collector stack
e 50 dlit positions
® upto 64 collectorsin stack

Resolution modeled with simulator
Power on dlit must be kept very low
Measurement in less than 10 seconds
Short pulse, low duty factor

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program

J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000



Berkeley Lab

Sample Input Data

-0.61cm

5170

51.71]

mrad

mrad

0.61cm

Accelerator and Fusion Research Division
J. Saples SNS Commissioning Workshop

NS

SPALLATION NEUMN SOURCE
L R \\

lon Beam Technology Program
LBNL 6 Oct 2000



Emittance Resolution

- s

SPA[LATION N[UTRON SOURCE

5170 mrad

5170 mrad

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples  SNS Commissioning Workshop LBNL 6 Oct 2000




Diagnostic Plate

- s

SPALLATION NEUTRON SOURCE
L R

I
Temporary tuning device

®

o Used on RFQ and MEBT exit
® Requires 2 meter drift
®

Equipment
e fast faraday cup
e expanded beam will debunch
® amittance gear
® |ow power only
® 90 degree spectrometer

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program

J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000



SPALLATION NEUTRON SOURCE
L R \\

e \/oltage condition of

LEBT

RFQ

Rebuncher cavities

May require local 402.5 MHz clock

e Power condition plasma generator

® Beam tuning
e with RFQ on, no convenient beam stop
e may use LEBT chopper target

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000




|ssues Beyond FES
/=

o Full FES commissioning will becarriedout =" ™
at LBNL:
e Emittance device only at low power
e We need sufficient time to carry this out

o At ORNL.:
e Recommission at 2.5 MeV
e Carry beam through DTL tank 1
e LANL tunes FES
e \What diagnostics, power limitation at 7.5 MeV?

e Continued FES development necessary, especially on
lon source

Berkeley Lab Accelerator and Fusion Research Division lon Beam Technology Program
LBNL 6 Oct 2000

J. Saples SNS Commissioning Workshop



SPALLATION NEUMN SOURCE
</U \\

e Edtablish agreement on LANL beam
acceptability and requirements for tuning
and commissioning

e |dentify differences between |1&C HW and
SW between LBNL and ORNL

e Edgtablisntrip limitsfor initial beam
commiSssioning
® protect chopper target, emittance box, etc.

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program

J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000



SPALLATION NEUTRON SOURCE
L R \\

e \We have sufficient toolsto commission FES
al LBNL at full power.

e FESwill provide wide range of beam
parameters for downstream requirements

® Machine safety requirements must be
carefully spelled out

e Continued FES development essential
during installation phase of rest of
accelerator components

Berkeley Lab +  Accelerator and Fusion Research Division lon Beam Technology Program
J. Saples SNS Commissioning Workshop LBNL 6 Oct 2000
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MEBT Mechanical
Interfaces

Daryl Oshatz

October 12, 2000
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Chopper . Raft #3
Raft #2 Anti-Ch : Low P
Scraper Chopper with 4.2 aidsl nii-chopper e BC()e\;Vm OY\:);
Rebuncher cm Quads \

cm Quads

Raft #1 Cavity
with 3.2
cm Quads

Gate B V““ b = : - ‘ : o

Valve e
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BERKELEY L

MEBT BPM Overview

A
||||

SMA Vacuum

Feedthroughs ’I{] External

Welds Welded Bellows

pa— - Stripline
Spool

Spot Welded
Connections

Rotatable
4.25" Flange
(split)

Material: 316 Stainless Steel

Bore Tube

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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BERKELEY L

BPM Interface with Quads

Adequate
clearance is
provided to
connect to
feedthroughs

BPM shimmed
between quad
pole tips (nominal

clearance = .005")

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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BERKELEY L

BPM Fabrication Status

- Spot welding
procedure has been
developed and
completed on all
BPM's.

rh RO e

- Five of eight welded
assemblies are
completed.

« Some vacuum leaks
have been found in SMA
feedthrougs (repairable).

Related Documentation: LBNL Eng. Note M7857A, FES Technical Notes FE-EE-012, FE-ME-042

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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MEBT Beam Current Monitors

A
lIII

Electrical Shielding

Fast Current

(16 Gauge Copper) Transformer

Magnetic Shielding
(.125” Steel)

Ceramic Break
in Beam Pipe

Internal Welds

Insulating
Spacers
(neoprene)

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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BCM on Raft SNS

Beam pipes
are bolted to
BCM'’s before
guads are in
installed

Berkeley Lab — Accelerator and Fusion Research Division lon Beam Technology Program
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BCM Fabrication Status SNS

- All (2) BCM
assemblies are
competed

« Electrical
Measurements are
complete

Related Documentation: LBNL Eng. Note M7936, FES Technical Note FE-EE-015

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program



cecere?) \i7?| Profile Monitor / Wire Scanner PéSNS

e, —ennn-n-n-n-n =

« Wire scanners will be provided in 5
locations to measure profile at low duty
factor.

« Provisions will be made in the
beamboxes to add on-line profile
monitoring at ORNL.

« Wire scanners will be used during
commissioning and for calibration of a
future on-line monitoring system.

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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Profile Monitor Concept

Nitrogen
Puffer

Beambox

Wire scanner
assembly with
116 mm stroke
(4 cm bore)

Removable camera
window (1.0” viewable
diameter)

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program



cecee) f e Moni
Profile Monitor Status SNS

« Beambox at the
conceptual design
stage.

« Beamline interfaces
are being designed
to allow progress on
mating components.

« BNL is working on
the wire scanner
assembly.

Berkeley Lab — Accelerator and Fusion Research Division lon Beam Technology Program
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Emittance Scanner Slit SNS

- The emittance
scanner is still at
the conceptual
design stage. -

- The main design
challenge is the

power density on
the slits (over 600 +

kW/cm?). R

2.0”

Flange-mounted slit
assembly

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program



”””\1 [“' Collector /Scanner Beambox SNS
- The emittance Vacuum Gauge o
ange-mounted
collector is still at collector assembly
the conceptual
design stage.
-« The emittance
scanner collector

shares a (
beambox with the
last wire scanner.

- No windows are 3.5 1

provided for M
optical profile A
measurements.

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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Choice of architecture (1) @SNS
A~

Use direct IP for each diagnhostic node
with a proprietary payload:
Most efficient (UDP/IP)

Requires custom code in diagnhostic node
+ client

Loses all features of IOC unless massive
duplication

Big load on main ethernet and all
subscribing OPI's

Gives direct access from any OPI

S Lewis/ MEBT Diagnostics Review /001011-12 2



Choice of architecture (2) @SNS
A~

Each diagnostic node runs EPICS
Portable Channel Access Server

Slightly less efficient (TCP/IP)

Easy port to any OS (already on
StrongArm)

Minimal coding in diagnostic node (“just
the drivers”)

None in IOC: just EPICS configuration
tools

S Lewis/ MEBT Diagnostics Review /001011-12 3



NS

|OC can gather/process using all IOC tools
(records + sequencers)

Fixed, minimal load on main ethernet and
all subscribing OPI's

Direct access from boot servers

S Lewis/ MEBT Diagnostics Review /001011-12 4



Primary Proposal MSNS
N

Choose (2) above

Variant (A): put on main (switched)
ethernet

Use “obscure” PV names + access control

to keep OPI's from seeing (but accessible
from any OPI if required)

No new |OC configuration

Possible contention on IOC ethernet port

between diagnostic traffic and rest of CA
traffic

S Lewis/ MEBT Diagnostics Review /001011-12
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Variant (B): put on subnet off 2nd
ethernet card in each |IOC

Requires some NRE to configure 2
ethernets/select card, etc

Have to double-login via boot server for
direct access

S Lewis/ MEBT Diagnostics Review /001011-12



Secondary Proposal NNZSNS
S

Choose (2A) above

Migrate to (2B) only if analysis warrants
and resources available

S Lewis/ MEBT Diagnostics Review /001011-12 7



Comments NS

Overall performance due to TCP/IP
(embedded in CA) is highly optimized
for latency/throughput tradeoff; and

100Mb/s switched ethernet into
200MHz+ PPC VME boards gives very
good performance

S Lewis/ MEBT Diagnostics Review /001011-12 8



NS

GUI In EPICS OPI level (such as
Perl/Python/Matlab/...) still available

EPICS CA includes synchronous gather
with large deltaT for network skew with
small deltaT for capture at each
diagnhostic node

S Lewis/ MEBT Diagnostics Review /001011-12 9



NS

Can still use peer-to-peer UDP/IP if
needed, although correct timing design
should eliminate this

S Lewis/ MEBT Diagnostics Review /001011-12 10



BPPM electrical design

® Superfish for 50 Ohm stripline cross section, designed to fit between pole pieces of quadrupole.

® | ab measurements determine trim for L/C balance at connection to feedthrough

® Measurements of first production run

® Linearity correction: needed, but not measurable with conventional wire measurements. "Assume”
Bessel function math is correct.

BCM electrical design

® Given target of 0.1% per microsecond droop (0.1% accuracy on approx. 1 microsecond pulses),
find Bergoz device that fits MEBT space available.

® 50:1 secondary, 10 turn calibration winding

® High permeability core, proximity to Quadrupole made magnetic shielding and sensitivity a
concern

® \With stedl shielding plate in place, measured droop next to areal Quadrupole, saw no changein
droop behavior. Excitation was provided by the calibration winding.

® The FCT by itself ismeasured at the factory to have arisetime of 330 ps. High frequency behavior
of the beamline assembly has not been measured.
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BPM System Requirements

S

M easurement Frequencies 402.5/805 MHz
M easurement Bandwidth 3MHz

Position Accuracy + 1% of Radius
Position Resolution (Std. Dev.)  0.1% of Radius,
Phase Accuracy + 2%

Phase Resolution (Std. Dev.) 0.1°
Beam Current Range 14-56 mA pk
Minimum Beam Pulse Width 500 ns

* : N
For channels with a common calibration system

FE Diagnostics Review JEP 10/12/00 Los Alamos



Linac Commissioning Minimum Requirements

"'f;z:jéf’_"s
Single Pulse Mode

— Any selected full-width millipulse position

— Single number

— Display update rate of 10 Hz
Multiple Pulse Mode

— Average position of N milipulses, starting M milipulses into the macropulse
— Single number
— Display update rate of 10 Hz

Array Mode

— Positions of N milipulses, starting M milipulses into the macropulse
— Array of single numbers
— Display update rate of 10 Hz

Analysis Mode
— Array of N position data points, starting M millipulses into the macropulse

— Display rate is sub-Hz (such as single shot) and may preempt normal position display
operation

Other modes if needed

FE Diagnostics Review JEP 10/12/00 Los Alamos



BPM Reference Signals

= 3N

2.5 MHz
LLRF Ref.

Stabilized 352.5/755 MHz Reference Line

Beam
BPM Cables
s .T'I.'Illl.ll:".l.-illl'--'.l“ I_ BTl
352.5 MHz 805 MHz Filvers
—

402.5 MHz
Phase Stable |—* BFM Analog
Ref. Multiplier | ~55 nHz Front End

805 MHz

LLEF
Maodule

aE

Sitabilized 2.5 MHz

Ref.

FE Diagnhostics Review

JFP 10/12/00

Los Alamos



PCI Card Dimensions
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Front End Daughter Card Dimensions

=N

= 7925
—-1 l- @2.508
— ERS S —
B.125
3505 809
L B~ I— L)
J ’- B.500 S
=+ 1.875 o foud 47501 o] £A.110
4 PLACES
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Electronics Specifications

JFP 10/12/00

S
M easur ement Freq. 402.5/805 MHz
| nter mediate Freq. 50 MHz
L ocal Oscillator Freq. 352.5/755 MHz
Sampling Frequency 40 MHz
M easurement Bandwidth 5SMHz
Maximum Signal Power +2 dBm
KTB @5 MHz BW -107 dBm
Electronics Noise Figure 17.5dB
Cable Loss (100 Ft.) 3.7/5.4 dB
ADC SINAD 72dB
SFDR 85 dB
Max. Calibration Output 6 dBm
FE Diagnostics Review Los Alamos



BPM AFE Preliminar

BPM-AFE._

BPM Analog Frontend

BPM-AFE is an analog frontend to process RF signals from beam
ckup electrodes. It delivers an output s
be directly entered into fast 14-bit ADCs. It i
nacs. It can be customized to any RF

position

for transfer lines and
frequency up to 1 GHe.

Nomn-i

prive heam i

measure i

Four parallel process

Mezza board to PCT
specifications

The Beam Position
Maonitor Analog Fr.
(BPM-AFE) ) is an
electronics module for
Fast analog processing of
heam pickup signals

15t row
Customizable to
any b
frequency wp Lo
Iz

ADD" (10.16mm)

$&

specially developed

@117 (2 .8mim)
2%

3.8000°
9B.5mm)

2.600"
(91.44mm)

4.400" {111.8mm)

Four input signals processed

4.500° (114.3mm) IOW (1.5mmm)

in parallel, allows single-pass
position measurement

dependent
ntermediate

gnals are dow
slerodyne recel
frequency (IF)

IF autpu pals are differential and galva
isolated, for direct input into fast ADC (e
ADGGAE)

Output signals are adjustable up to 21V to take
advantage of full ADNC input aperture

High phase accuracy and low har e distortion hy
current feedback amplifiers

Iy
-pass filters provide Mexibility

IF handwidih
pass and low

Low power dissipation and temperature drift are
achieved with passive mixers

Excelle hand transient response

Abuse-toler

by design. Hot-swap.

an either he
eontrolled

du
h; |).|.\l o lul_nm L level for each receiver, and ca
]nh._ l'ul detection by ancther channel, under the control of
ndependent of

.\'I:.:ll:!| witl ymman Local Oscillator Ly
commen L0 signal is distributed 1o each mi
buffering. The resulting Intermediate Frequency (IF) is

filterad by two aded high-pass and low-pass filters to reject
ihe unwanted m
The IF filtered signal is amplified by twe
% handwidth current-feedhack amplifiers, Tk
e switched hetween two gain levels, while the u.\uml
ain is adjustable by potentiometer in a range |

A halun at the cutput produces a b LL\[ signal with floating

y Data Sheet

Block
Diagram
Cal, input | Cal. spit il
Specifications
Board size: . 5mm ) high

0" {114, 3mm) wide
with 2 mounting holes per PCT specifications

Customizable 60 MHz < f0 < | GHz
+2 dBm miax
IF output signa
Overall gain E
rd range switching T'L contral

I diate frequency  Customizable 10 MHz <1 100 MHz
IF output handwidth — Customizahle 10 kHz < IF ]tW < 1 MHz
IF harmenics distertion < 50 dBe

Sum output Pot adjustable (-4 dB above input level
Sum halanced 1o 0.1 dB
O option, sum halanced to (.01 dB

Sum phase arror < 3 dogrees

Calibeation

By external calibrati
< $-ns switching, =5
+13 dBm max

Splitter and switches
error. On option; <|

dB isclation

ompensated to <0, B
1B

= (0dB f2, f3 rejection

Channel to channel; < 50 dB
Calibration to channel: < 60 dB
Connectors Male H {30x2) right angle ll ader
SMA jack right angle 50-chm for RF 5 5
Power supply +AW, -5V regulated
Temperamre drift <= 10 per degree
il

Balarced oulpul

=

Badanced ouiput
Balarced oulpul

=

Balarced oulpul

=

sxxMHz BPM Frontend PCI merzanine

Gain range set

Ordering information
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- m;ardfmmry .‘n\mﬂed i
BPM-AFEALM  Cs o al level matching

dB

._nul

Maintenance accessories
BPFM-AFEKIT Tahle-top test kit fi

turing

AC-DC power supply
Single-ended $0-ohm eutput
SMAs for each channel

dHz

Superheterodyne detector with 4
inputs, Resolves 0001 dB
channel-to-chanmel difference

SUPERHET/M-x.

full set with copyrights

.rmmJn;('

xMHz
Customize BPM-AFE to oMz
operating fraquency

r\94r|,|| 18A
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o
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AFE Preliminary Block Diagram
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Preliminary 10/12/00

Diagnostics PCIl data acquisition module

1.0 Overview

The Diagnostics PCI data acquisition module is designed to implement the digital portion of SNS beam
diagnostic modules. Analog front end (AFE) daughter cards (which incorporate the A/D converters) plug
on to the data acquisition module to complete the desired functionality. The data acquisition module
provides data buffering, acquisition timing, DMA, and miscellaneous control functionality. The module’s
intended mode of operation is to initiate data acquisition based on a hardware timing event, buffer the data
locally, and DMA the data to the host after acquisition completes. The module also supports one industry
pack site in addition to the AFE daughter card, whose user pins are routed to the AFE as well as an external
connector.

1.1 Capacity

The module supports 8, 16 bit data channels from the AFE. Each data channel connects to a
dedicated FIFO, which is clocked by a programmable PLL clock synthesizer. The FIFO clock is
common to all channels. The clock rate is selectable from 20 to 80 MHz in 10MHz steps,
independent of the ADC clock.

1.2 Clocking

The module is designed to accept a 2.5MHz reference, and generate low jitter 10 and 40MHz
reference clocks. These low jitter clocks are generated by a quartz stabilized PLL (TRU050)
which is available in a range of output frequencies. These low jitter clocks are routed to the AFE
and the digital clock synthesizer mentioned previously.

1.3 Aggregate performance

The module is designed for a maximum aggregate DMA performance of 80MB/sec when the
digital section is clocked at 40MHz. This represents the maximum rate at which the FIFOs can be
unloaded to host memory. Since this value is roughly 2/3 the maximum PCI bandwidth, one
module can be safely used at maximum performance without compromising normal system
function. The absolute maximum clock rate of the digital section will be published following the
completion of functional simulations.

The maximum rate for loading the FIFOs for the AFE is 80MHz, the maximum rate allowed by
the digital clock synthesizer. This corresponds to 1280MB/sec (80Mhz * 8 channels * 2
bytes/channel). Assuming 256K FIFOs, this corresponds to a maximum acquisition time of 5mS.

Obviously, data can be acquired far faster than it can be uploaded. A system design challenge will
be to acquire judiciously, allowing adequate time for data transfer and processing.

2.0 Design description

The acquisition board consists of the acquisition FIFOs, an acquisition control sequencer, a DMA
sequencer, a IP/Custom bus control sequencer, and a PCI master/save interface. These functional blocks are
programmed by software to achieve desired operation. The sequencers are described in detail in the
following sections.

2.1 Acquisition control sequencer

The acquisition control sequencer determines when the FIFOs are armed to accept data from the
AFE. The sequencer may be programmed to respond to external hardware triggers and can execute



Preliminary 10/12/00

programmable delay pulse operations, where the “on” time represents a data acquisition gate.
There are 64 18 bit RAM locations available for sequencer data, so multiple acquisitions based on
one or more hardware events are possible. There are four external triggers available, one front
panel and three for the IP site. The sequencer can set flag bits in the module status register and
post interrupt requests under program control. In practice, initial firmware will be supplied with
the module that performs basic acquisition functions.

2.2 DMA sequencer

The DMA control sequencer is similar to the acquisition control sequencer, only it controls the
upload of data from the FIFOs to the host. The sequence and number of FIFOs to be uploaded can
be programmed as desired. Obviously, the sequencer program must comply with the requirements
of the PCI master interface. No hardware feature guarantees that this requirement is met. There are
64 18 bit RAM data locations available, so limited DMA chaining operations are possible. As with
the acquisition sequencer, the module will be supplied with initial firmware that supports
uploading all 8 FIFOs.

2.3 IP/Custom bus sequencer

The IP/Custom bus sequencer generates the Industry Pack protocol for the module’s IP site, and
controls several uncommitted signals and a 16 bit data buffer routed to the AFE which can be used
to implement a custom bus to support programmable AFE functions. There are 64 18 bit RAM
data locations available to support these operations. As with the other sequencers, no hardware
feature enforces that any particular protocol is implemented. The module will be supplied with
initial firmware that supports basic IP functions and a simple custom bus used on previous
diagnostic designs.

2.4 Sequencer design

All the sequencers in the module are very similar in design — the only difference being that the
acquisition and DMA sequencers have 128 words of program memory, while the IP/custom bus
sequencer has 64. The program words are 36 bits wide. Each sequencer contains two 8 bit counters
and one 16 bit counter, supports 13 input flags and 16 output bits. A meta assembler is available to
create programs. It is assumed that there will be little general interest in this level of programming,
but more information will be available on the internal details as the design as simulations are
completed.

2.5 IP Module functions

The module includes a single IP site to accommodate functionality not included on the main
module. The 50 user pins of the IP module are routed to the AFE and an external connector. Three
of the user pins are also routed to the module’s acquisition sequence’s trigger inputs. The IP
registers are accessible through the module’s PCI address map. At this time, 1D, I/O, and interrupt
IP cycles are planned to be supported. IP interrupt requests set flags in the module’s status register
and can be enabled to generate PCI interrupts. The site is configured to the 8MHz IP standard.

Although the IP site is intended for a standard IP module, custom protocols can be implemented
by altering the firmware of the control sequencer. Choice of pins is constrained by the assignment
of sequencer flags and outputs to the standard IP pinout
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General BCM Signal Processing
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HEBT Analog Front End & Digitizer Block
Diagram
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Using FCT for HEBT Averaging BCM y
%P@SNS

Estimated Total Input Noise for a 7MHz BW= 13uV (doubled)ﬁ
FCT with 1:50 Turns Ratio

Beam Est. Input Gain Estimated Output  Resolution
Current Signal Output Voltage AD6644
Noise Vn=133uV
2*G(Equiv. 14Bit
Input noise ADC
of 6.5uV) (1Vpk)
15ma 7.omV 28 0.364mV 0.21 17%
50ma 25mV 28 0.364mV 0.7 0.05%

60ma 30mV 28 0.364mV 0.84 0.04%



Droop in Current Transformer Signals

NS
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Digital Baseline Restorer

NS
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Profile Monitor Concept

Nitrogen
Puffer

Beambox

Wire scanner
assembly with
116 mm stroke
(4 cm bore)

Removable camera
window (1.0” viewable
diameter)

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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Profile Monitor Envelope J‘éSNS

- A conceptual

envelope has been
defined.

- Envelope is based
upon:
- Space available

between MEBT
components.

- 4cm bore wire
assembly.

. 116 mm stroke.

. Camera lense (f/2.8)
located less than 2.8
from beam center.

1 in (opening)

Berkeley Lab — Accelerator and Fusion Research Division lon Beam Technology Program
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Profile Monitors fit in gaps
between components

Berkeley Lab — Accelerator and Fusion Research Division — lon Beam Technology Program
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Profile Monitor Accessibility

Profile monitor beamboxes Wire scanner assemblies will be
will be bolted and shimmed flange-mounted and accessible
to raft top-plates for maintenance or replacement

after installation.
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Chopper Beambox Lid
must be removable

A
llll

Profile Monitor #2 Interface SNS

Rebuncher

4 Cavity #2

Flexible vacuum
bellows between
Raft #1 and Raft #2
is welded into the
profile monitor
beambox (+/-.030”
transverse
flexibility)

The most difficult
interface for profile
monitors occurs at

r this location

Berkeley Lab lon Beam Technology Program
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SNS MEBT
Carbon Wire
Scanners

P. Cameron
Brookhaven National Laboratory
USA



SNS MEBT Wire Scanners
NS

Contributors

 P.Cameron

e A. DellaPenna

M. Kesselman

e C.Lac

e R. Witkover

« LANL - O’Hara, Power, Stettler
 LBNL - Doolittle, Oshatz

berkeley 10/12/00 2



Design Requirements

NS

Don’t melt the wire

Sensing emission current - keep
temperature below 2000K

Relative Profile Accuracy
5% at 2s? 3s?

Halo Measurement - 5s?

berkeley 10/12/00 3



Profile Monitors - Four Categories

74

_ __%EQNS
Easiest - RTBT

— Low current density, minimal wire heating

— Large beams, positional accuracy easier

Harder - Ring
— Higher current densities
— Large beams, positional accuracy easier

Hardest - HEBT

— High current densities
— Small beams

Impossible - MEBT
— Duty cycle

berkeley 10/12/00 A



MEBT Wire Scanner Duty Cycle

Al

 Normal machine operations
52mA beam current during 690ns minipulse
1000 minipulses/1ms pulse
60 Hz pulse rate

* Diagnostics and setup machine operations

52mA beam current during 690ns minipulse
50-100 minipulses/50-100 ns pulse

6 Hz pulse rate

berkeley 10/12/00 5



Wire Heating - 52mA 100us 6Hz

NS

S000 -

40010 HMelting tTemp.: 3273 K

Temperature on the carbon wire K)

S000 -
2546
=31e mlocrons dioe
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o
~ S e
-\-\""-\-\. B %
1000 | e 5
ﬂ-\.\_\_\_\_‘
e97 Mo current 265 b
i L 1 i i é
0 1 =, 3 <

Cyvecles <1 cycle = leaGa.&7 msec)
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Velocity Criteria for Scanning and Flying Wires

NS
e Scanning - Sufficient number of Points for a good profile
v < 4 sigma/N period <~ 1mm/s
sigma~1mm
N ~ 25
period ~ 167ms (6Hz)
* Flying slow - heating suggests to clear the beam between pulses
v > 4 sigma/period > 50 mm/s
sigma ~2 mm
* Flying fast - complete profile in single scan
v >4 sigma/period > 8 m/s
sigma~2 mm
period ~ 1ms

berkeley 10/12/00 7



Linear Stepping Motor
STALN

 Linear Stepping Motor Advantages
— compact
— N0 vacuum penetration

 Linear Stepping Motor Disadvantages
— Vacuum linear bearings
— Tolerances, thin wall tube fragile
— Ferrite in vacuum - especially in SRF
— Cost?

« Velocity Limitation
— F =ma = mvi/t, or Forces varies as v squared for fixed distance
— Practical linear velocity limit is 1 m/s > 50 mm/s
— Single macropulse for heating

berkeley 10/12/00 8



Linear Stepping Motor Prototype
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Linear Motion Feedthru

NS
 Linear Stepping Motor Advantages
— compact
— cheap

 Linear Stepping Motor Disadvantages
— Welded bellows - especially in SRF
— Formed bellows version available in shorter strokes
e Velocity Limitation
— Manufacturer says 40 mm/s
< 50 mm/s for single macropulse

berkeley 10/12/00 10



Linear Motion Feedthru
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Actuator Hardware

Linear feedthru with stepper and encoder
— MDC 660014-3 on 2.75CF - $1500

Motion Control
— National Instruments PCI-7344 - $1500
— Compatible w/ LANL

Analog Front End
Digitizer

— PCI based
Ethernet interface

berkeley 10/12/00
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Sources of Error

NS

Crawling wire

Thermionic emission

Drive Linearity

Unwanted mechanical flexibility

Beam Position jitter - correlate with BPM?
Beam Current jitter - correlate with BCM?
Errors in emission current measurement

Flying wire (slow)

— All of the above

— Timing jitter - should be negligible
— Acceleration and Velocity jitter

berkeley 10/12/00
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S/N of Emission Current Measurement

S3INdEB)

SN(dB) vs Sgma

—SN@®)
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Conclusions

NS

e Off-the-shelf motion feedthru
 PCI motion control

o Action Items
— Wire heating - we are on the edge
— Error budget
— Additional mechanical support structure?
— AFE
— Vacuum Interface
— Controls Interface

berkeley 10/12/00 15



MEBT Diagnostics Final Design Review
Close-out Notes
Tom Shea

LBNL Berkeley, 10/12/2000

Reviewers: Tom Shea (SNS Project), Walter Barry (LBNL), Bob Shafer (LANL),

1)
2)

3)

4)
5)

6)
7)

8)
9)

10)

11)

Coles Sibley (SNS Project)

Comments

Mechanical design is well thought out.

Technologies being proposed are forward-looking without being
excessively risky.

The deployment of MEBT diagnostics represents the first deliverable from
the multi-laboratory diagnostics team. The valuable experience gained
during the construction and commissioning of these systems will be
applied all SNS diagnostics.

Documentation should describe the physics basis of system specifications.
As the next step in refining the controls interface, process variables and
their update rates should be itemized.

It is noted that the online profile measurement is only required to resolve
the profile to 3 sigma.

H- stripping in the RFQ and the attendant proton acceleration should be
assessed.

Atomic electrons will provide most of the signal in the wire scanners.
Including a resistor to ground in series with the wires will allow an
integrity check.

Consider adding a QA2 level current monitor for current accounting
(comment from MPS review)

It would be desirable to make all presented materials available on a
website.



1)

2)

3)

Action ltems

BNL and LBNL should agree on space allocation and beam box design. If
possible the design should accommodate testing of gas fluorescence and
laser wire profile monitors at LBNL or later at ORNL. (LBNL, BNL.
Complete by Nov 1, 2000)

A simple integrated schedule needs to be produced. Include several
milestones per system. (LBNL collects schedule input from partner labs.
Complete by Nov 10, 2000)

The BPM feedthrough issue should receive a separate mini-review to
assess the potential impact on MEBT reliability and, if necessary,
determine a course of action. An SNS vacuum representative should
review the solution. (LBNL arranges, M. Hechler reviews. Complete by
Nov 17, 2000)

Summary

If the action items are completed in a timely manner, the construction of the
MEBT diagnostics may proceed as presented.
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